Abstract-The heat capacity of poly(methacrylic acid) containing 2.5 wt % water was measured in a vacuum adiabatic calorimeter at temperatures between 80 and 325 K. The heat capacity of anhydrous poly(meth acrylic acid) was calculated, and its standard enthalpies of combustion and formation were determined. On the basis of the enthalpy of melting of the "free" water phase, the limit of water solubility in the polymer was found calorimetrically at 273 K. The temperatures of relaxation transitions (the glass transition and the β and γ transitions) of poly(methacrylic acid) mixtures with water were determined via differential thermal analysis in the region 80-550 K. In addition, the determination of the temperatures of transitions of anhydrous poly(methacrylic acid) was performed via extrapolation to zero water content of the concentration depen dences of the relaxation transition temperatures.
INTRODUCTION
One of the most competitive developments in mod ern medicine is transdermal therapeutic systems (TTSs), which allow the prolonged administration of drugs through the skin and into the bloodstream according to a specified program [1] [2] [3] . TTSs have obvious advantages over oral administration of drugs and administration by injection. Acrylic polymers and copolymers are widely used to design TTSs [4, 5] , with matrix systems having been developed on their basis, for example, for administration of beta blockers, including proplanolol; chlorpropamide; and acetyl salicylic acid [6] [7] [8] [9] [10] . One of the components of such systems is poly(methacrylic acid) (PMAA). For the targeted design of TTSs, it is necessary to know the thermodynamic characteristics and the temperatures of relaxation transitions of polymers used for these purposes. Such investigations of PMAA were per formed in [11, 12] . In [11] , the heat capacity of PMAA was measured at temperatures from 60 to 300 K with an error of 0.3%. In [12] , the heat capacity of PMAA was measured at temperatures from 298 to 463 K with an error of 0.5% and the glass transition temperature of PMAA, Т g = 433 K, was determined. However, in these papers, the content of residual water in the examined PMAA was not specified.
Therefore, in the present study the heat capacity of PMAA containing 2.5 wt % residual water was mea sured at temperatures from 80 to 325 K. The water content was calculated from thermochemical data and via determination of the standard enthalpies of com bustion and formation of PMAA. The heat capacity of anhydrous PMAA was calculated, and the limit of water solubility in the polymer was found calorimetri cally at 273 K on the basis of the enthalpy of melting of the "free" water phase [13, 14] . By means of differen tial thermal analysis (DTA), the temperatures of relax ation transitions (the glass transition and the β and γ transitions) of PMAA mixtures with water were deter mined in the region 80-550 K. In addition, the tem peratures of transitions of anhydrous PMAA were established via extrapolation to zero water content of the concentration dependences of relaxation transi tion temperatures. EXPERIMENTAL PMAA ((С 4 H 6 O 2 ) n , a repeat unit molar mass of М = 86.09) was prepared via polymerization of meth acrylic acid (MAA) in water at an acid concentration of 60 wt % in the presence of 1 wt % potassium persul fate. The intrinsic viscosity of aqueous solutions of PMAA was 2.5. The synthesized polymer captures and firmly holds water, and a special study on removal of the water from PMAA at 423 K was performed. Chro matographic analysis of gas products formed during the drying of the samples showed that they contained only water with no organic compounds; that is, the destruction of the samples did not occur. Drying of PMAA was conducted in a 0.6 kPa vacuum until a constant weight was obtained, with the deviation from the mean value being no more than 0.1 wt % water. The residual water content in the prepared PMAA samples was 2.5 wt %.
To determine the solubility limit of water in PMAA via the direct mixing of the components, samples con taining 66.1 wt % Н 2 О (m = 3.4613 g) were prepared with consideration for the presence of 2.5 wt % water in the initial PMAA. In DTA experiments, in addition to the initial samples, PMAA-H 2 О mixtures contain ing 3.7 and 5.0 wt % water were investigated. The latter were prepared through exposure of the initial samples (2.5 wt % Н 2 О) to water vapor, with the water content being controlled by the change in weight of the sam ples. To improve the distribution of the liquid compo nent in the polymer, the mixtures were allowed to stand in a sealed thick walled vessel for 10 h at 30 atm (3 MPa) and 333 K.
The measurement of heat capacity was per formed at temperatures between 80 and 325 K in a vacuum adiabatic calorimeter designed at the Verkin Institute for Low Temperature Physics and Engineer ing, National Academy of Sciences of Ukraine [15, 16] . The temperature was measured with a platinum resistance thermometer. The energy equivalent of the calorimeter was determined through the measurement of the heat capacity of the calorimeter ampoule filled with helium to a pressure of 8.5 kPa, with the equiva lent being no more than 40% of the value of the cal orimeter with a substance in the studied temperature range. To check for the absence of systematic error of the technique, the heat capacity of reference benzoic acid of the K 1 grade (Mendeleev All Russia Research Institute for Metrology, St. Petersburg) was found. The difference between the obtained results and the data published in [17] was 0.3% at Т = 80-325 K. The temperature increase in the heat capacity measurement experiments was from 1 to 3 K; there fore, a correction for the curvature of the function was not introduced. The deviations of the experimental data from the averaging curves were no more than 0.3%. The value of of PMAA containing 2.5 wt % Н 2 О (m = 2.4529 g) was mea sured, and, on the basis of the obtained data, the heat capacity of anhydrous PMAA was calculated in the region from 80 to 325 K under the assumption that was additively composed of the heat capacities of the components [18] .
γ Transition temperature Т γ of PMAA with 2.5 wt % water and the Т g value of the PMAA-H 2 О (66.1 wt %) mixture were determined from the dependence with an error of ±1 K. The average tem perature in the interval of the minimum increase dur ing continuous sample heating in the range of the melting phase of the liquid component (according to the heating curves) was taken as melting point Т m of the crystallized fraction of this component of the
PMAA-H 2 О (66.1 wt %) mixture containing an amount of water in excess of that which is soluble in the polymer. The results were reproducible to within 0.1 K. The concentration of the water solution (saturated at Т m of water) in PMAA, ω (wt %), was calculated through Eq. (1) [13, 14] :
where q is the amount of energy in the form of heat required to melt the crystals of the "free" water phase (J), Δh is the specific enthalpy of fusion of Н 2 О (333.79 J g -1 [19] ), m is the weight of the sample (3.4613 g), and С 2 is the content of water in the sample (66.1 wt %). The error of determining the solubility via this method was 0.5-1% (expressed as the confidence interval at a probability of 95%).
The enthalpy of combustion of PMAA was deter mined in an improved V 08MA calorimeter with a static calorimetric bomb [20] . The calorimetric system was calibrated relative to reference benzoic acid of the K 2 grade (ΔU c = -26 460.0 J g -1 during weighing in air). The energy equivalent of the system is W = 14805 ± 3 J K -1 , with the double standard deviation from the mean being 0.02%. PMAA was burned as tablets near a benzoic acid tablet at an oxygen pressure of 3 × 10 6 Pa. According to chromatographic analysis, the oxygen contained impurities: 0.8 mol % N 2 , 0.002 mol % CO and CO 2 , and 0.001 mol % hydrocar bons. The substance in a quartz crucible was burned by the discharge of a capacitor through a platinum wire connected to the compound by a cotton thread. To measure the temperature increase, a bridge circuit including two platinum resistance thermometers and an SCH1516 digital voltmeter was employed. For the investigated samples, the ratio (in weight percent) of the experimental СО 2 mass to the calculated СО 2 mass was 99.97-100.03%, with the calculations being performed for the following combustion reaction of PMAA:
Under the conditions of the calorimetric bomb, the energy of combustion, Δ c U, of the examined substance was determined. On the basis of the average Δ c U value and molar mass М and with allowance for the Wash burn corrections and corrections for changes in the number of moles of gas, the standard Δ c U° values and the enthalpies of combustion, Δ с Н°, were calculated for the combustion reaction of PMAA. H O sol 4 5О gas 4CO gas 3Н О liq .
